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(54) LIGHT RECEIVING ELEMENT AND LIGHT RECEIVING ELEMENT MODULE 

(57)Abstract 

PROBLEM TO BE SOLVED: To reduce the number of parts by making lights whose 
wavelengths are XI, XZ enter through the aperture part of a first conductivity type 
electrode, absorbing XI with a filter layer, and making X2 only reach a light receiving 
layer. 

SOLUTION: An N-InP buffer layer 53, an N-InGaAs light receiving layer 54 and an N- 
InP window layer 55 are epitaxially grown in the conventional manner on an N+ InP 
substrate 52. On the rear of the substrate 52, an N+ InGaAs filter layer 63 (A.g=1.42 fi 
m) is epitaxially grown, on which a ring type N electrode 64 is formed and an 
antireflection film 65 is formed in the central part. When a light of wavelength XI (1.3 fi 
m) and a light of wavelength XZ (1.55 jum) are made to enter through an aperture part 
of the N electrode 64, the light of wavelength XI is absorbed by the filter layer 63, 
because X1 is shorter than the band gap Xg of the filter layer 63. Since the wavelength 
XZ is long, the light passes the layer 63 and reaches the light receiving layer 54. That 
is, a light receiving element which receives only the object wavelength and has the 
function of a wavelength branching filter is realized. Therefore a dielectric multilayer 
film filter and a wavelength branching filter are made unnecessary, and the number of 
parts can be reduced. 
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OlxtfAi =1. 3^mSr©iR-rs I nGaAsPM 
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[0048] Mz-ifMi o iz^n o %mm&aEtft>ti 
or a, hXz zmwithzttfX'Zh. ztn^jov 

=1. 4 2umZi>H£g , B<,z£-?Xi>tzt> 
I nGaAsP<7)*aj£TV^i:, In,, 66 Ga 
0.34As 0 . 76 P 0 . 24 O4rogB B B -5:'J).5»„ IWil. 3ju 
mS-tRlRU 1- 5 5^mS:Jgjgf 1. 4 2jum(C 
ES4>i\ A g #1. 3jwm4:l. 5 5ju mcbHHC*>*» 
ATiWar-t-fOid^rttll^S. £*>I nGaAsP 
&A*3Btfl(cfft*&J:. 1. 3^mSr©JRL 1 . 5 5 

[0 04 9] LA>USW:^o3Us&T'&VV t>bt>fcrt£# 
I nGaAs53ti^)±fc. InGaAsP<07-( 

^-g><7rC£> 1. SjumCiotMU^r+U 

-Wl . 5 5^mCJ;§^ 'Jttl^TttiCS 
fu^liOl". 3;um£3tSl/CL* 3 ? 

[0 0 5 0] [%jftftCD : ISCnl7 4 ;l^Jf SriW 

4*-Ymmtti.iz.. m&.£.mix&ytmbit%ttm 

GaAs PP&IRJI (7-f/l^) £n- I nPIt^Iffi 

zLxmrnxmrnt-tz,. y<>u?mz. 

[005 1] n-InPSt52£0ltln-lnPA'7 
77153. n-InGaAs§f!54, n-InP 
£J| 5 5 £r i tf? * S^WW&ftS #S . ^ OjftiffifcfeW 
tPltt'*-&. ^ntCjatt n- I nPifi5 

2C0KHtCn* -OInGaAsP7-f;^i63 (A 
, =1. 4um) 5-it^Jfy-r«ft$t§. dcoi 

\mx'i>&u. 

[0052]O^O^I nP^jt^rliSHe^^f 

-b'tiiimc. -?*.7*Lxm&m!iLxpm®5 6* 

J&J&th. P njg£3 1#I nGaAsg3ftf 54<7>4> 
£7&££ix&. pffiJ|g56fO±^pES62$-5X0#ft 

[00 53] SSiffl^n* - I nGaAsP7 
6 3c7)±£li'jy^:tfc9nm@6 4 2r^f£-f£. n + - 
I nGaAsP7 4/l^if6 3O4>^(=<i^05±Bi 



7-<7W^Sc7)ffl^mr^id^I n 0 . 66 Ga 0 . 3 , 

a s o. 76 Po. 24 ^-£>& . &at> H«oawcT»**«fs*' 

[00 54] Aj . A 2 3tt5S^<^SSH*^AtH- 
S. Aj ( 1 . 3>um) (i7^^^a6 3WN'>K=3f+ 
7 7*A, =1. 4 2um&r)i&fe%,X'hhfrhy 4>V? 

jraftJKSii*. y -f ivfmx^^v^&fhtf. z 
s^^-e^t^^-f^^jisr^-r-g). lai otz^-tt 

38K>X'h&. Jb2T<0n- I nGaAsf3tI5 4C(i:A 
2 =1. 5 5Aimt£tfLfrmmL%^. KfrtzZcD^iyt 

m^i i . 5 5 w m*ftt*sR»-c# h . «*»Rtt#2& 

[0055] nS/a&0±c9nM<7>7 •< /l^«T-£-g>*> 
(iiitpn 3rv\ n|| 6 4 fcfcfcESE 

mEtt p n 3 1 . r ^ xw±izm ttzmx- 

cr>^MifX'^h. MMiZXMLfzXi \S.y 4)V?mx 
J: o TJ6IW & * J -e Oj«a»i«3&»-C* S. nil t^T' 

t i>%\\ &fi\mwtf%< xmztmwx^xffl 
*)<Qm=?tntH'&Lxmm'&. *y±*)z*it>u9mtz 
mm- h mzw&i* txmm LSfttc** tnix$>& . t 

[0056] 1. 55/im(inIInGaAsPCJ:-) 

ifi < T!* V I) <OX'Z fl iS t T ¥m n fip^, 

IE?L»ipfflt^ : fi : L'?-ii-fix^m8Ei:^-&<OT3b.&. o 
l^n-In PSSOK®tC|g(t^ I nGaAsPli, 
1. 3jum£jIBfrLl . 5 5wm$rji-r7 t tT 
mmU%&<7>X'fo&. InGaAsP7^^2-Sffit 
HWt 1 n G a A s SBSAIta^ =r h ?4 it- Y\t 1 . 

1. 5 5/xmS: iSS-TS S»? 

[00 57] [HJSWZ) : ^MpS7>f;U^SSriSlt 
•S. ] HJfeWCDii nliSOlfflC nl^)InGaAsP 
7 -f ;P ^« 5: ISftTt t (0X'$> Z> frt> Z. d TT * ^^<0 

[0058] -e<03t«>t;«7 -f )\>?m<DT&.mzp 
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ten!! I nPI^Sll:nIttt ; 5:<tpI<0I nG 

[0059] n-InPl«52i7)iit;n-InPA 
>y7TJI53. n-InGaAsS3£154, n-In 

52C0M®{CP* -I nGaAsP7^Ml (A g = 
1. 4^m) 6 7^imW«I$«.l?»j' 
©linl!l nGaAsP2r7 -f^h-r-g.^', -ico^S&S 
01JT{ipSI nGaAsP57^^tfS. nltp 
SJcO:tUA*£> HO^JtleltiafcClcOI nP>)i7 

c o o 6 o ] siffiflawaaf* co? * b y t mm 
2£ut»?fW6. fr^fci«)t<>ii7)pm@6 2{i'j>^' 

<b T£> & „ P 6 2 am WW < v is*.— ya>15 
9lCioTSd. pnff-^-3 l^Sgte/N'y^-^g^ 

[ 0 0 6 1 ] SMWDP* — I nGaAsP7 4)\s?M 

6 7 co±w± 'j > ?wr> n «« 6 4 . <M t n 

«ffi6 4fcV^oT«>«ll!W-&<0lipa«fiT*4*»^, 
TOHSli P ^@fflco t<7)JS^ sBB# $> 4 . M CO j£T' 
nfS64ii@l 1-^1 4 C0*> CO til d. p' - In 
G a A s 7 -f ;U^S 6 7 C0*dfegPlCi;iRatl*iLJ»6 5 £ 

[0 0 6 2] -fhtv - InGaAsPtn-I nP| 
«<OiatC«rfc*P ntg-^-3 2 WX'% £> . ^Opnft^ 
3 1, 3 2#2Sfc:T£& < , 7 -f ;t^/l fc»KcoRIJcOp 

[0063] TJllcOp n^lif-/7*<7)fflIl;IIl-C 

• nGaAs P7-f /l^JfcO+T' 1 . 3 jti m*<7 * h^^r 
'J -Yif&k-tZ . p ni^fcliiiatelKflEftTafcfe i s 
C0TiE?Ui n — I n PCin® LTSSfLd .1 T'S SS-g-T 

Vftip-I nGaAs PC04 , C0^ffc^y j rC'£> 
^»iE7Li^-r&. 1. 3wmC < toT4t^+ l JA' 

[ o o 6 4 ] ei 1 3 {tz^^m^commm^mx'h 

•i>. Ji*tCJS*^S3^c0p nJg-^-3 1 k . y A 

2\&mfUT*Zi\h. ffiJi6 8iip n^^tBS5 6 8 
T£>-5. 1. 5 5umiZj:&ftmm.ltr> n&-£3 2k& 



[0065] immm® ■. p n#&*s»-r& ] mmx 
\$y * >v9m\ztt.->tzi> nm<&z®M.-thmiz£->xm 

&is3 2z i imz*ih'm^mx*bh. zo-t&ti. 

3 tx mmz £-?XX'% tz^m* -v V -V * J: 9 »< ilf»3 
L*>Lp nt££A^yr COSMIC 

SILfcpn«^i«WtJ:->T 
@*§-T&. 014{c^coJ;a^pt^7O^^-r„ 
[0 0 66] n-I nPl«5 2(0l(:n- I nPn'y 
7TH53. n-I nGaAsS)ti54, n-InP 
JM5 5£xt**>'-wl4fi*3-£.&. n-I 
n PM5 2cO«ffiCn* -CO I n G a A s P y 4 )V#- 
M (A s =1. 4jum) 6 3£xt*3 i >'-WWfc£$-fr 
-54 l )I«lnP'7x7r(JSIX^^yt;l' , 7 
i7Tt«. *Wfc^#^T««0*IHfc:«nSi*>I 
n G a A s P iCO^THMCT®Cmt ^5 '. 

[0067] mwmizimmcoy * y ?a f £ ia)«i 

fc, ^ LTSISffi^LT p -IWg5 6 2r^«-T 

!». pntg-^3 P^5 6co±lCp«fii6 

pmS6 2C0^ffl»i>'N'-y^-^-3^M5 9^J: 
-jTI'J. KffiWcOn 4 - I nGaAsP7-( )V?M 6 

[OOeSlMtW^TWfcp - I nGaA 
sPgP69* s T'#&. Ccop|S^6 9teI n PT=5r<T 

I nGaAsPfOpfitl,'), ±.3<V P 5 6 X <0 
t>j£V%. pnS^3 2*>'I nGaAs PJfCOrtgP^^i 
$fL&. P n»^)*B«*^Tn- I nGaAs P6 
3k, p-InGaAsP69(0-ait l jy^*Onl 
@a^l&mSi 6 4 aWtWtS ix ?» . 

[0 0 69] £CDnS®6 4{2HM0>]CD£|S|t< n«S 

*>'otfcl pn&-£&ffi*&^&fcv^«ffi6*5rf£S>J£ 
^o. t*>^nttSttTco^ffl2rt^oT^-S>. P 
- I nGaAsP6 9JiRfti?S±K6 5 fci -yXWiotl 

[0 0 70] A, +A 2 co^ti, KB*^ASfTI>. A 
, ( 1 . 3txm) <ip~. n- I nGaAs PJI6 9. 
6 3X'mLZtl*^ 'J -COp nft^ttlH/^ 

T^-T'J)I.*^S^^1I<T^^ y-¥coa»{i:#et^ 
JETLten-ffi^fcrAO^^r^y^t^O, mWp- 

^Mtcv>oT^-a^-v y-^fc^s. ^-^-^ y-vx-fe-g. 

TL^5. 01 5liil 4C07* *—VPMm® 
»T&h. pn&&3 2ffWM6 4tz£'oXtm2ixX 
V>§ k v>p - k * 5 H*$ti-5.. 
[0071] [HJSCT4 : PD^-yTSr^Jl^N'-yT-— i^' 
(CIR^ L*g3fc§g^ ] 7 * b y4 Kf- v 
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mrnxmrnx-fozfrt?. mi 1.112, 11140:7* 

Y*4*-Y1-v-76l. 6 6, 7 0£JLTi£!i££-£T 

=F1 OZ^kLX^Z. 
[00723 XfA7 1 l£&mgt (mtl$3J<-)V) T 
J) 1 ?. Ty-Ff>72, ^r-^.fy7 3, #y-Kh* 

-fXt7t-9"^»>>b7 5 5r^7 i A7 1 C:¥fflttttU 
$ ^tC^'^^V h 7 5 tcP Df 7 r^ptS6 2 
EB#tt-T h . f - y rtiX-r A ^TSK* fcfc 4 <fc d left 

[0073] ^-•yXiiAjmMLX^h^h, T*^JW 
fc. Pi^56, InP?gJi5 5, InGaAsfJH 
54, InPA 7 7rS5 3, InPi«5 2, InG 
aAsP7-(WI63, P«i£6 6**M^C1 klZ% 

( ij V - H ) A«V -Y 7 6 \,z J: ~> X il V - H tVt^M 
Ztth. ^-v y7°7 7«^>X7 8* 5 #^>t i>(OX$>-> 

Mcfcls>X7 8<Mim£.Wft>tih. 77-MpIS 

6 2 ) KiimmE**, #y— k (nii64) wiim 

Ktf£M>uZtl&COX\ WJ±l±Tm<7)P nf^3 i tzm& 
-oX^h. 

[00 74] 3t7r^>»N'8 1*^(il. 3^tm, 1. 5 

5 ju m <7> 2 mmco^ UiT V- VX£ J; o T it P D 

^yTHCA-S. 1. 3jum«±^(7)InGaAsP7-( 
71^6 3tCi-5T^:CC©JR$iXS. 1. 5 5;umi3:X 
InGaAsP7«^f?)A'y^fy7 

J: 0 M^v^a,? < ;k?£ji3&LTT»0p nif-^-3 

l^o-^T-m^jETLM^^'y^-r. --tcu^v^m 

W^-r-5.«?)T^«nm@64. (^y-K) ^ jE 

TUi p mm 6 2 (7V— K) vvyh-tz. 
Ztitf®8%?:MZ>m$ilz%:& . ^m^sTifta. 
1. 5 5;umft<?X^tJ:^T:7fcmcS#WU 1. 3jtx 

[00 7 5] [mmm5 :ytmm&. k, jl7t 

Y*k'K*m<mtiwm%8$izm.mz&tt&z t i>x- 
* & . \&nir?& t u >x\$^mxh h u§r&tz x^x 

n-InPi«52 d= 

[00823 

n- I nPA'77ri5 3 d = 

[00833 

n-InGaAsf5Ki54 d = 



w^yy-iShmtfkxzz. mi&fmh'-M®x%2>. 
mi nzztiZTjk-f. ffimm. %#4 h\ %-?t4* 
cvmumzmMzmm-tz. ®m&8 3X'fttf%MZix 

^ti^tinlcaill^-^ c: t (car* . 

[00763 ®mft*4 5' izLxfoKtrmmmizm 
mizytftta, h . % z x-mw^mm \z*?tw<n pd^-vv 
zmimtfTiz* tcsisrr h . mm Ammo p d 
xh*)tnig&mizwfrt>3t&<z><Dx\ mmwzmfo 
izmm-t&zktfxzmit>xifrm&x'h&. mT&tz$> 

SInGaAsP7-f;Wl. 3Atm2r©lRt, In 
GaAsS5iyi5 4, p n^3 1 fc^Ti'M L=5rV^ 
1 . 5 5jumW P ntf-^-3 1 ^^^Wk^t 

[00773 ^-sXipTrmX'fo 9^-y ^-i^%*< i i: 

x^h. m- s ?ffi±.izmm&%£*m?tzn^w%t' 
£ffifm-h<?>izi&U'&cDmmiz%->x^% „ 
[00783 imw\6 •.i-vT'zmfazizmg.Lyty 
rj^tttM mi s\,z±^xmm<r>mmM*w%t 
^WM^-yy^pm^mmLm-iz^^x^iz 

■?y*~?^y h9 8\,zm&-?&. ^FS^M K/n7^9 
0 oJi^^T"?^ > h 1 1 fci*it;:«a>LTH5£ tT o 
•& . ij A Y /□77 9 0c0$fe^^(i7 r -f M'gl^SP 9 1 

• ^ot;:[:7t-< -'Wiiije^ni.. ^T-fyN'sico 
^s^^op DnmmmcDAmmizttfa lx^z . 

7>(;^163, 67tf&&<DX\ 1. 3A<m{iiCT 
©lR$ft*MSA-r.?.-i:* { T'^^. 1- 5 5^mit' 

[00793 [*&fe0O 7 : ^tftya-^l:i±] 
2M%BJOPDti, ®2 0c7)J:3^f^-f^S^g3fe* 
^^^-;Wi:-n>ifci-C'#S„ -eo^^li^l 3 
fc^ t fc P D f - -y T£ 0 1 9 CO J; 3 -y *r - ^'t-H^ 
L$^(Z02O<7)J:p^^v f jL — }UKM?f.±X -?>i^* { 
J).?., -evIXiai 3<7)^--yX7 0(0SjH^?*, 019CO 

[00803 01 4COPDf--y7*7 0«<?:<7)J:o^'XS 
tC±oT#^-r^. n- I nPS«5 2c7)— ^CDffitC, 
n-1 nP^77r!53, n- I nGaAsfjti5 
4, n - I nP,H5 5f b'VPESCJ:ot 

[00813 

350jum n = 5X 1 0 18 cm- 3 

2um n = 2x 1 0 15 c m" 3 
4um n= 1 X 1 0 15 cm 3 
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[0084] 

n- I nP^15 5 d= 
[0 085] .TOxe^^-W^XM-^KBHo* 
K)W^MIiZ^ n — I n 0 .66Ga 0 . 34AS0. 76Po. 24$"^ 

Uiid = 5jum, n = 2x 1 O^cm-STfc*. I<?)I 

= 1X10 4 cm-'TJi^. lf2-5Aim(;m* 

[0086] T=exp (-ad) =0. 007 
[0087] fc=5r9. ®1^* J 0. 7%fc£.g>. o4 0 
9 9%a±.tf5um(D7 <tJl-?mi,z£'?xm!RZtl&-fr 
t>X*h%. ZCOXotZir&t, 1. 3jtim3t«3fe$H£3f 
ICi^T 1/1 0 O&TfcMO. $^>(C^C0InGaA 
s P 7 4 yW? iz J; -5T 1 / 1 0 OOTtcM-S. . 0N:T 1 

/ 1 0 0 0 ovxrizmrtz z t ksts . mmiM&z 

iX-i. 4 0 d B i U 9 TOS: *a**CS & . 

[0088] C:cOM®xt^dj-^^;P^oi7rtc. ISfra 

<7)S«£&-oT. ^N-SIKIt 1~vy**MXlzm 
kttmcop* -Znt£f&^5 6. n — I n PigJlcOJi 
c7)S i N, ^7^-y 3 »g5 9. AuZnlpH 
6 2£jgj£Ut. ^XA-^HilnGaAsP?-! 

p* -Znt£SSc«6 9, SiON^yy 
^-v- 3 >J3i (JxIffifiiLJB!) 65. AuGeNilnl 
@6 4£)&&L*:. 
[0089] ;itPD«f77t^(Xli5 50AimX 
5 50,um-C#>&„ InGaAsf)Kf 54(0, Znfc 

wim*m (3t%&) wti 0 o^mt l*:. RfficoAW® 

InGaAsP7^ A^ffltoHJnSHttg ( U y^n«® 
^-fc-flHT^ £ 5 UTHl 4tf)PD?-y 

ytfX'^iz. 

[0 0 90] o^'tcHl 9^f £33::?* Y?4-%- 
ft (Fe)S3tymfAl 1 1 4»ifcfc» 
^m* 9vA XLtiTJUS ~rWf7'~? ij>b 1 2 OS- A 
uSnWJ:-oT™itLTi5<. PDfv77 0 
*JiTR«tL-Cs p«@6 2O0|£, 1 2 

0<7)±lz. SnPbCi-oT^BBWtL^:. p!S62 

h±mtTS-Wyi 1 3A>'Au7^( -Y-CJSRSit 
■2.. U^ttcOn«g6 4* { ±Srl6jV^TV->^. 20^im 
g<5Au7^1 2 lt:J;-3T'J^«n«®64* i ^ 
V-HtVl 1 4 CfiSKSft. 4 . 

[009 1 ] s^ta* (n 2 ) mm&x-. ^ 7 ry 

-/VT*. ^"/71 24tC{iBK-7^*5^.^L-> 
XI 2 6o#<7)*-v»/:r£*i]ffll,TV^. ^o^-Si:^ 



2jtzm n = 2X 1 0 15 cm' 3 
XliSOtC t X . ¥SjS#5 *o § -r -x 7° T t> 
ML3ti.&v^ Cl3 LTH1 9 WN'-y^-ytcS^^ii 

[0092] z tiizztiz&^x , m2o<r>^}m^ 

jfeSBSr7x/P-;H 3 6fcilL&X,TEj£L3teSB**W> 
iBUts<. il^iK<^o^P]^«oxT>-i^x 
l7x;i^/^7'-i33<oiLyi:l:. 7x;hh 
3 6£^L&/,T'iK. 7i^-;^JI/t'- 1 3 3tf)R 
iffilliXfAl 1 l«0fcg4:HEBrrat*$S*t>o". 

4 u PDTcfLSr^iaj-rsiofc-r-i.. * 
*.tt'as&£yagp~ nz£~>xmm-t&. 

[0093] -o^'lz? s.)V—)V 13 6 £ . 1 3 

3 (CM t T tfcfr [6] 1 T « t JSKOA U^jf-r . 
ftfc«K* fc B (OffiSX'Y A GWfet 
6 . § £ lzft7 r 4 *<r>WlW&X'<rfm.<r>mfi. *)im 
tf&tztblZ^ zfJ^m^^y F U S -y ^ 1 3 4 

[0O94];<0PD^y'a-/Hr), 1. 3 umJtk 
1. 5 5/tm3fcfc^4Sl*£»5£U£. PDW-f 
TX\Z5VX'$>h. 
[0095] 

1. 3 jum^St^ 0. 0 1A/WUIT 

1. 5 5^m3fet*f-rS®JK(i. 1. OA/W 
[0 0 9 6] X'h-ytz. 1. 5 5/iml:ittl,!SSI^ 
1- 3A*mfcfcHafc/,ifJgt:SrU. jH3teiw± 
1/1 0 OJilTT'fcofc. flfch.fe«ftafiWtt<0*ft3Kl6 

[0097] [Hife#j8 : V^y99lVm^%m=F^=J 

q& y a -/KCSS$^7' r rt<?>%%L<?>tz#>lz\i.jmz 

ita^rftf'gmx-hitz. zzx'izzhizmm&Z: 
tt^rfmmzmzffitK&tmttis^-tirt lx 

v^y'99)vm.<r>i>(r>^mfX o . 02 1 (i^BJOP 

*-r. 01 go/N-yir-^AO^PD^^tij^-r^. x 
fAin <r>±\z?mB<r> PDig77yyi4o 

[0098] Zh.l±±.mzm-7TJJ-<>1 42l:iB^ 

n/s-7r-fA^-i4 ls^-ri.. 

r 4 smm^y r 4 '<ftxh <o z z izmjzz nx^z . 

PDiK77yy 1 4 o?)JLa§MC<;i*>-'ft# R^K^ 

«aa/^y^i 4 3tfmmztiz. mmj^isyfi 

4 3 OSMffflco^ffi 1 4 4 c^hJl (ciittff » 1 4 7 3^$!] 
ZtiX^h. A-)i/y/i4 3^^I<5\W^'J 
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1 4 5 tcl£ifc#>*>?ffl3* 1 4 6 A»VK o*®?LS 
ft&. i<i*i5ett3R^I!l<0«M3*^^<OflBtT*4. 
[0 0 99] *7r-f^fflkOttS!3*^^l 5 0ti. 7 
T'fAa-Kl 5 2<0j^^^>'*y^l 5 l£K9tt 
tfX\^h. 7T4^\5 4CD$im$.7±>V—>V\ 5 51Z 
£~)X €611$ ft & . .7 x/V-/H2Jgirt± fc»ufc8*K 

\ 5 1 SrS^T^S. /v^V^l 5 KOffiJffi 

C:}f A § ftT 3 * ? ? |il±c7)(a»9ti^S- -r s . 
[0 100] 7x.)V—)Vl 5 S^^'J-^l 4 SIC^L 
&A/t\ 8t7M53 1 4 7 fcflteS-fr * . 

T'#&. 5 4 {3^5 -"7 T -4^1 4 l<Df£Sg 

4>iBrt:#WL ^$-7r^A'l41tI0, iBH*»4>aj 
Tl^Xl 2 6T'm3t£:ft PDf777 0lCA4. 1" 

[0101] 

tf*>&<?>X\ 2igJ*316ifitC:fctt&gfiSi: LT. £fi& 
T»v«tV>t £ £ i: **T# & . 2®. 

*a«*fc*JV^T»«^a»l±tt 5 (til fc'US3£fct^ 

^fcktfHi, 2fcftA, , A 2 fcLT, 1. 3/jmt 
1 . 5 5 jumcoffi^^ ( a ) . 2afcft^T-£> 

Mik'<Q£o%m*i!rto&cob<VTi>*miZmmX'* 
4. USttO^ I * 2 jfcf^>3fl^-&;bi2:ii ( a ) coflUfc 

[0 102] 

(b) 0. 98Aimtl. 3^tmc?)ffl^*)-fr 

(c) 1. 3jumtl. 6 5//mc7)ffi^*>-ti- 

(d) 1. 5 5ximfcl. 6 5A«mtfOSi^i?-ti- 

[0 1 03] Ztl^Xi , A 2 CDffl^ 

^-^tCt^BB^IBI^jaffl-rSit^T'^^. dft 
I n P»«03Kiat?TfcoT3Hi»ftfc*^fc<9T 

miz & mm-rz z t h . 
[iai] &&&mm3imm<vmm&m. 

[02] A, tA 2 tfMtt^ftSfci-jTIS^LT 1* 
<r>%7r^^zx l +A 2 i: LT^<J:3^«g|OSi 
E0. 

[03] A, tA 2 <7mtt\Azftfa%i<r>%ttmfrhX 

fix. -jjcomx'umt-? r 4 Ate. ffe^fflix-tia^ 



[04] ^«MS5-*flfflLfe4i«S»<0Si^H. 
[05] «3^iPA««^3Ka4S«*VA-;l/<^»ja 

m. 

ime] &*miz&&¥m#%x.m z f i cDW:mwm. 

[08] ft*?) 7 =r b^fsf — Kf- y TVMRKttttH. 

ifeftA! . A 2 ZXMLfzk*. ^•fti<7mi>%%miz 

[010] InGaAsPlAj =1. 4 2;um) M<r> 

(%) . 

[01 1 ] n — I n P3Sfc7)SlralCn- I nGaAs P 

[012] n - I nP^COKBtCp- I nGaAs P 
h ?A K-f- y TOKtBSH. 

[01 3] 01 2<n7 Tt-Y^-vynmmmwb 
0. 

[014] n — I nPS^McSt-n- I nGaAs P 
7^;U?SH£tfS^i::ZnS;lScSrLTI nGaAs P 

[01 5] 01 4(7)7 ir Y^-'v7"(rMmmn 
0. 

[ii6]ii4CS Lfc#*9i<93afcWfc: f - -y 

[01 7] ^gs. %m %7r^f^^mmm 
w<m9$fc®#>iz® o.0i4^^ Lttftwommm 

izfrfr h ^ y y & . «E*coffllra fcriMRK 0 ft ttT £ ft £ 
3««*S:e«tfc** PDf»7CJ: ^T^ffi-TS i 3 
^L^:t^O|li®0. 

[018] *Xm«>9BIC*7f - v 7-£-?7"? ^VVCI 
ffi*-"®— lc^r4 i p £H5£L*M h*7o -y ^ (c^^T 

isX^Tjrtfrhn&wtKz&ftm^zx otsft 

[019] ^XxA(c*«W^>anBA«®5i3tta8^S: 
®0. 

[02 0] #ISBj!£0K®AatSP DSR^SrlX vftltfc^. 
fAt. 7jl)V— MZffl£.Ltz3t7 T 4 , 7s.)V— 

ju^r- tit LT-ft-fk vtz b- y ^-f-f ivrn^mi- 
[02 1 ] xm&mwtJimPDmttn'ottiitzx 

fAt. 7 3.)V-Mz^Ltzlt7 r 4 t^tm^m. 



( 12) 



WpHPPI 1-836 19 



im2 3] *%w<r>±^xiL^mm:WLm-&3m. m 

1 

2 ##3§ 

3 
4 

5 5t7T-(A 

7 3fc7W>N* 
10 

1 1 %-7r4* 

12 ft^r-f^ 

1 3 *'5^n 7 ? 

14 ^'^XT'D-y^ 

1 5 Igm^SJK 
17 pfcn*?^ 

2 0 %VrAnam^ 

2 1 7t7T^^'MiS*^jSS 
2 2 

2 3 ytn*?9 

2 5 SBtSt^S^-^ 

2 7 ^a&^FES"'*-^ 

4 1 gftm^-VT 

4 2 'Sy*' 

4 3 ty 

4 4 df-V-yT 

45 f 

4 6 

4 7 pyx 

4 8 s\Oi/l>>y 

4 9 

50 f7r^< 

5 1 7x/b-;W^)ffiI 

52 n-InPIS 

5 3 n- I nPA-/7rJf 
54 n- I nGaAsgftJi 
5 5 n- I nP?|Uf 

5 6 WaHSiifStlg 

5 7 tfittptlS 

5 8 RStlfcitSi 

5 9 /\--y>"<.— is3>m 

6 0 nitg 

6 1 PDf-yT* 

6 2 p^S 

63 n* - I nGaAs P7 4A>9M 

64 Itnlffi 



6 5 ^ItKihM 

66 PDf'yT 

6 7 p — I nGaAsP7< 

6 8 pnfi-&^tiia5 

6 9 P - Z n&ifcJI 

70 PDf77 

7 1 XfA 

7 2 77-Hty 
7 3 t-Tvty 

74 ^v-Kt-y 

7 5 t^yj- 

7 6 V-f-V 

7 7 df+y7 

7 8 m^yx 

7 9 

81 l7r-(A - 

8 2 3^^S8. 3fctf 4 H 

8 3 w&mm 

9 0 #4 K7n 7 ? 
9 8 t7*7^yh 



111 


7fi* 


112 


y-Ktry 


113 




114 


y-Fty 


118 




120 


PDfflt7'7')yh 


1 2 1 




124 




126 


1-yX 


130 




133 




1 34 




136 




137 




140 


LDi^7 5>y 


14 1 


/i-7r-f^W- 


14 2 


/S-7T>fA* 


143 




145 


r^y^'SI 


146 




147 


Ufa £35 


148 




1 50 




15 1 




152 




1 53 


&isMPki-v b 


1 54 




1 55 




156 





(13) 



11-83619 



[01 ] 



[02] 



Pi 



ft *l £ m 3C ^ 16) & <t ! 



2 | ^ 1 fr%3y 4 

P2A ~y - p 4 




[03] 



F 1 

H 2 



1 1\ 



P3 



[04 3 




V 





[H5] 



24' 

1o 23 I - S5»*J 




InP 3&m5$ 
2nG&As£jyg54 




43*^ 



(14) 



nm^i i-83 6i9 



[H8] 



[09] 



1.0 




0.8 1.0 




Ji-lnGaAsg5fc*§ 



n r InP&;g 



[HI 1] 



[iaio] 



I n G a A s P C ^ 8 = 1 . 4 




png£ 




4n InGaAS ^fc^ 

?b±InPg& 
3 n + InGaAsP 




(15) 



nm¥ ii-836i9 



[015] 



[HI 6] 



[132 2] 
& « » 



ft 



to 




TV— rev r-^£V j6y-Htt/ 



[017] 



[HI 8] 




[023] 
« » f* 



-En ^ 

& «0 * 




0 3 * ?5 



(16) 




nm^F 1 1-83619 



[02 1 ] 




1 — IU1 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




FADED TEXT OR DRAWING 



